Purpose: To review the clinical characteristics and address the aetiology in a group of patients presenting with unilateral retinal pigmentary changes, best described as unilateral pigmentary retinopathy (UPR). Methods: The cohort of 42 patients was identified retrospectively from the Moorfields Eye Hospital electrophysiology database. All had undergone fullfield [electroretinography (ERG)] and pattern electroretinography (PERG), with 13 additionally having multifocal ERG (mfERG). The clinical findings, fundus photographs and fundus autofluorescence (AF) images were reviewed. Results: All index eyes showed ERG evidence of generalized photoreceptor dysfunction with most showing a similar degree of rod and cone involvement. However, although the fellow eyes all had a normal fundus examination, there were bilateral but asymmetrical ERG abnormalities in eight patients and a further four patients had PERG evidence of macular dysfunction in the fellow eye. A relevant medical history or the diagnosis of an ophthalmologic entity that might be related to the unilateral fundus changes was ascertained in 15 cases (~36%) including acute zonal occult outer retinopathy, trauma, systemic malignancy or autoimmune disease, retinal vasculitis, presumed pregnancyrelated choroidal ischaemia and meningitis. Two patients had a family history of retinitis pigmentosa (RP; 4.8%). Conclusion: The underlying aetiology in most cases of UPR cannot accurately be identified, but an heritable cause is unlikely. Aspects of the history clearly suggest an acquired disorder in some patients. Twenty-five patients (60%) with nongenetic UPR did not adhere to the pattern of rod greater than cone dysfunction that occurs in RP (rod-cone dystrophy), and the pattern of rod > cone dysfunction seen in true RP is thus not a feature of most patients with UPR.
Introduction
Pigmentary retinopathy is a frequent feature of retinitis pigmentosa (RP, rodcone dystrophy), a highly heterogeneous group of heritable photoreceptor degenerations with a prevalence of approximately 1 in 4000 (Berson 1993) . Despite the extensive genetic heterogeneity, there are common clinical features that include intraretinal pigment migration, optic disc pallor and attenuated retinal blood vessels. Patients usually present with nyctalopia or peripheral visual field loss or, rarely, with reduced visual acuity (VA).
Retinitis pigmentosa (RP) is usually bilateral, and although there are reports of 'unilateral RP' in the literature, there are only two genetically confirmed cases (Mukhopadhyay et al. 2011; Sim et al. 2018 ). One recent study described 14 cases of 'unilateral RP', bringing the total number of cases in the literature to <100 since 1865, but without genetic confirmation of the diagnosis (Farrell 2009 ). However, there are several acquired retinal disorders with fundoscopic features that mimic RP, including those arising on a post-traumatic or postinflammatory basis and unilateral 'pseudo RP' has previously been reported in association with choroidal melanoma (Lommatzsch et al. 1988) ; ocular trauma (Bastek et al. 1981) ; forceps related birth trauma (Mann 1957) ; drug toxicity (chloroquine (Thaler et al. 1973) ); cephaloridine (Turut & Malthieu 1980) ; oral contraceptive (Giovannini & Consolani 1979) ; diffuse unilateral subacute neuroretinitis (Raymond et al. 1978) ; and ocular toxoplasmosis (Silveira et al. 1989) . It is a long-standing concept that unilateral RP is a diagnosis of exclusion (Francois & Verriest 1952) and most reported cases show no evidence or suggestion of inheritance (Kolb & Galloway 1964; Cordier et al. 1966; Kandori et al. 1968; Bozin & Stangos 1972; Carr & Siegel 1973; Pearlman et al. 1976; Thaler et al. 1980; Contestabile et al. 1992; Spadea et al. 1998; Chen et al. 2006; Farrell 2009 ). A familial incidence from 16% to 35.7% has been suggested (Joseph 1951; Farrell 2009 ), but without molecular confirmation. Thus, the term 'unilateral pigmentary retinopathy (UPR)' is usually more accurate than unilateral RP.
The present study reports 42 patients with UPR, the largest series to date. Detailed electrophysiological and clinical assessments were used to establish the nature and severity of retinal dysfunction and the incidence of possible subclinical involvement in the fellow eye.
Materials and Methods
The research adhered to the tenets set forth in the Declaration of Helsinki and approval of the local ethics committee was obtained (Research Management Committee, Moorfields Eye Hospital) .
The records of all patients referred to Moorfields Eye Hospital Department of Electrophysiology for investigation of UPR between January 2008 and March 2011 were retrospectively reviewed. Some were carrying a diagnosis of possible unilateral RP. The objective was to study a cohort of patients who had ophthalmoscopic features in the index eye that resemble or could be mistaken for unilateral RP; all fellow eyes at baseline were symptom-free and had normal VA and normal fundus examination.
Forty-two patients were ascertained, comprising 31 female patients and 11 male patients.Patientsfoundtohaveinnerretinal vascular pathology (e.g. central retinal artery or vein occlusion), or those lacking adequate clinical details, were excluded. A family history, medical history including drug history, any previous history of trauma, a full history of visual symptoms, and VA in both eyes were recorded.
In female participants, if the clinical presentation was compatible with, but not necessarily typical of, carrier status for X-linked RP, both RP2 and RP3 retinitis pigmentosa GTPase regulator (RPGR) were sequenced for the full coding region and intron-exon boundaries using Sanger sequencing. The RPGR-ORF15 exon was sequenced in four overlapping PCRs as previously described (Chakarova et al. 2006) .
Retinal photographs were not available for review in five externally referred patients, but adequate description of the fundus appearance was available from the referral letters. Fundus autofluorescence (FAF) imaging was available for 16 patients; visual field data for 25 patients.
Electrophysiological assessment included full-field electroretinography (ERG) to assess generalized retinal function, performed to incorporate and exceed the standards of the International Society for Clinical Electrophysiology of Vision (Marmor et al. 2009 ) and pattern ERG (PERG; Holder et al. 2007; Bach et al. 2013 ) to assess macular function (Holder 2001) . Gold foil recording electrodes were used.
If the degree of abnormality compared to normal control values was greater in the dark-adapted (DA) 0.01 response (the most sensitive measure of rod system dysfunction) than in the 30 Hz flicker ERG (the most sensitive measure of cone system dysfunction), then the data were graded as rod > cone dysfunction and vice versa. In many patients, the degree of dysfunction was similar, and they are graded as approximately equal rod and cone involvement.
Multifocal ERG (mfERG) (Hood et al. 2012) was performed in 13 patients. Longitudinal electrophysiological data were available in 12 patients with follow-up periods of between 22 and 128 months (median 52 months).
Results
The clinical findings in the 42 patients are summarized in Table 1 and the  final diagnoses in Table 2. A relevant medical history/diagnosis was reported in 15 of 42 patients. Ten of 42 patients had a uveitis/inflammatory/ autoimmune work-up (including full blood count, erythrocyte sedimentation rate, C-reactive protein, renal function, urine analysis, syphilis serology, serum calcium, serum angiotensin-converting enzyme, chest X-ray). One patient had an additional tuberculin skin test, and one patient additional assessment of rheumatoid factor. The role of antiretinal antibody screening is contentious, and antiretinal antibody screening was not routinely performed; the diagnosis in those patients with presumed autoimmune retinopathy was made on clinical grounds (Braithwaite et al. 2014) .
Of those patients with a relevant medical history, seven had a probable inflammatory or postinflammatory aetiology including one with a history of vasculitis in the fellow eye (case 32); one with presumed autoimmune retinopathy in association with rheumatoid arthritis (case 30) and one with a history of meningitis (case 22). Four patients carried a diagnosis of acute zonal occult outer retinopathy (AZOOR; cases 31, 35, 36 and 42) because of photopsia, enlarged blind spot, visual field loss and altered outer retinal function on ERG (Gass 1993; Jacobson et al. 1995; Francis et al. 2005; Mrejen et al. 2014) . Genetic testing in case 36 (with bilateral ERG abnormalities) revealed no alteration in 105 genes associated with retinal degeneration.
Other associations included presumed choroidal ischaemia associated with recent pregnancy (case 21) and a history of ocular trauma (cases 9, 15, 23 and 37). One patient had possible autoimmune retinopathy (case 26), with a relatively sudden onset of visual loss in the right eye prior to being diagnosed with uterine carcinoma, but antiretinal antibody screening was not available. There was definite evidence of genetically determined disease, and thus of true RP, in only two patients. One (case 7) is a member of a pedigree with confirmed autosomal dominant RP (RP1) consequent upon a heterozygous mutation in ORF1 (p.R677X) and has previously been reported (Mukhopadhyay et al. 2011 ); all affected relatives had bilateral disease including the patient's dizygotic twin. In this patient (case 7), multifocal, pattern ERG, full-field ERG, fundus examination and AF imaging were unambiguously normal in the unaffected eye.
The other (case 34, Fig. 3 ) is an obligate carrier of X-linked retinitis pigmentosa (XLRP) with a heterozygous mutation in RPGR (RP3.pR412X; c.1234C>T). No relevant association could be confirmed in the remaining 28 (66.5%) patients. There were no disease-causing variants found in female participants that would suggest their retinopathy was due to carrier status for XLRP.
Clinical findings
The mean age at electrophysiological investigation was 40 years; the mean follow-up was 32 months (range: 1-120 months) for those 29 patients for whom follow-up data were available (see Table 1 ). All patients had UPR at presentation; all fellow eyes were symptomfree with normal VA and normal fundus examination at baseline. Visual acuity (VA) in the affected eyes ranged from 20/ 16 to counting fingers. Thirteen patients had VA 20/20 or better in the affected eye, 10 had a VA of 20/30 and 19 worse than 20/30 including 8 with 20/125 or worse. Five patients were asymptomatic and UPR was found at routine optometric examination. No definite diagnosis could be established in three of these five patients. Eighteen patients presented with reduced VA, 14 during or after the 4th decade of life. Visual field constriction was revealed by automated or confrontation perimetry in 24 of 28 patients tested. The defects were mostly peripheral with severe constriction in four patients (cases 3, 9, 10 and 14). Nineteen patients reported visual field loss as a symptom. Nyctalopia was not a prominent feature with only four patients admitting difficulty under reduced lighting conditions. Photopsia was reported by 14 patients but was not associated with a specific diagnosis.
The fundoscopic features in the abnormally pigmented eyes were similar to those associated with RP in 37 of 42 cases, including intraretinal bone spicule pigment deposition and/or Retinal pigment epithelium (RPE) changes such as pigmentary dispersion with perivascular pigment cuffing, granular pigmentary disturbance or punched out atrophic RPE lesions. The 5 other patients had pigmentary changes less typical for RP, with granular pigmentary disturbances without bone spicules (most of four of them had a relevant medical history: of trauma, cases 15, 23 and 37 and of possible autoimmune retinopathy, case 26 and one had no definite medical history, case 20).
The pigmentary alterations were characterized as mild (irregularity of pigment in the RPE in restricted segments with or without associated intraretinal bone spicule pigmentation confined to some areas of the retinal periphery), moderate (widespread abnormalities in the periphery with extensive changes in retinal pigmentation including the mid-periphery outside the vascular arcades) or severe (widespread pigmentation with additional changes inside the temporal vascular arcades). Regarding the spread and localization of pigmentary alterations, one could not differentiate cases with presumable diagnostic based on relevant medical history from those with no definite diagnostic.
Patients with mild fundus changes (n = 12)
Patients with relevant medical history: One patient had a family history of dominant RP (ORF1 mutation) with fundus changes restricted to the preequatorial fundus (case 7), and a small area of bone spicules was present in an obligate carrier for XLRP (case 34; Fig. 3 ). One patient (case 26; possible paraneoplastic/autoimmune syndrome) had no bone spicule deposition at presentation but developed pigmentary changes associated with widespread mid-zone and peripheral choriocapillaris atrophy during a 4-year follow-up period.
One patient with severe changes in the index eye (see below) had perivascular sheathing in the fellow eye at presentation that progressed to paravenous pigmentation at follow-up (case 32).
Patients with no definite medical history: a definite diagnosis could not be reached in the other 9 patients with mild pigmentary changes.
Patients with moderate pigmentary changes (n = 14)
Patients with relevant medical history: Eleven eyes with moderate pigmentary Patients with relevant medical history:
Inflammatory change was present in one patient (the fellow eye of case 32), and two had a history of ocular trauma (cases 9 and 23).
Other clinical features
There were distinct areas of excessive pigmentation in six patients that were restricted to a single sector or hemisphere with changes within the arcades.
Patients with no definite medical history: There was a crescent-shaped or sectorial area of pigmentation nasally in three eyes (cases 13, 19, 27 and 28); one patient had clumps of pigment superiorly and peripapillary in the midperipheral fundus with some bone spicules associated with chorioretinal scarring (case 20). Patient with relevant medical history. Considering other signs often associated typically with RP, 20 patients had disc pallor; 24 had attenuated vessels; and two had cystoid macular oedema (Table 1) .
Longitudinal clinical data
Most patients had stable VA when reexamined within 36 months of presentation, but worsening central vision was documented in four cases (Table 1) The fundus and FAF findings were stable in nine of 10 UPR eyes monitored over periods of 3-10 years. One patient with bilateral presumed AZOOR (case 36) showed progressive atrophic changes in the vicinity of the vascular arcades and bilaterally increased AF at the macula, with additional evidence of macular and peripapillary punctate laser lesions sustained when the patient sought treatment abroad. Case 32, monitored over 9 years, had evidence of uveitis and perivascular sheathing in the fellow eye at presentation and developed Normal values for ISCEV-standard pattern (PERG) and full-field ERGs. The lower limits of normal amplitude and upper limits of timing are shown for the main electrophysiological parameters in two adult age groups (a control group of 60 healthy subjects aged under 50 years and 19 subjects that were older). The limits of normality for ERG analysis were defined as the maximum peak time or minimum amplitude obtained in the control group, plus or minus 5% of the reference interval (the maximum value minus minimum value within the control group), to minimize false positives. Percentiles for the main ERG parameters are added (Vincent et al. 2013 ). DA = dark-adapted, ERG = electroretinography, LA = light-adapted, ms = milliseconds, lV= microvolts.
paravenous pigmentation soon afterwards (stable for the last 5 years). Case 42 developed peripapillary lesions in the fellow eye at 8 years of follow-up (see below).
Electrophysiology and imaging

Imaging
Fundus autofluorescence (FAF) imaging was performed in 16 patients. A high-density parafoveal ring of increased AF was present in seven patients (cases 6, 7, 26, 27, 35, 36 and 42) . Additionally, there was marked loss of AF along the arcades and peripapillary area in case 26 (Fig. 1A , B) and foci of low-density AF outside the arcades in case 27 (Fig. 1C) . Fundus AF was reduced outside the vascular arcades in 13 patients. One patient had streak-like areas of decreased AF in the macular region (case 37; Fig. 1D ).
Electrophysiology
Normal values for International Society for Clinical Electrophysiology of Vision (ISCEV)-standard pattern (PERG) and full-field ERGs are presented in Table 3 .
Generalized retinal function. Index eyes. The electrophysiological data are summarized in Fig. 2A-D . These data were compared against previously published normative values with age-related adjustment applied to elderly patients (Vincent et al. 2013 ). Bright flash dark-adapted (DA: 10.0) ERG a-waves, an index of rod photoreceptor function, ranged from undetectable to mildly reduced in the abnormally pigmented eye (10 cases) or were significantly asymmetrical (Fig. 2A) ; there was proportionate reduction in b-waves with no patient is plotted for eyes with and without abnormal pigment; the lower limit of normality is 2 lV (broken line). Although some normal values appear small, they fall within the normal range for age, which varied considerably (see Table 1). showing postphototransduction or inner retinal dysfunction ( Fig. 2A) . Photopic 30 Hz flicker (light-adapted 3.0 30 Hz) ERG amplitudes fell below the normal range in 38 cases, including seven with undetectable responses, and were significantly lower than the fellow eye in the remaining four cases (Fig. 2B) . Peak-time delays, in keeping with generalized cone system dysfunction (N = 26), ranged from 1 to 12 ms above the upper limit of normal for age; peak times were at the upper limit of normal in 6 patients and normal in 10 patients (Fig. 2C) . The ERGs showed rod and cone abnormalities of similar magnitude in 26 patients; the rod system more affected than the cone system in 15 patients; and a predominant cone system abnormality in the remaining patient. Most of the patients with a similar degree of rod and cone system involvement had milder overall dysfunction than those with a rod-cone pattern of dysfunction. Table 2 brings a short summary for the data of electrophysiology for both groups: 'no definite' versus 'relevant medical history'. Patients with electrophysiology's data showing 'rod and cone abnormalities of similar magnitude' and 'rod system more affected than the cone system' were found in both groups either 'with' or 'without relevant medical history'. Interestingly, patients with the diagnosis of AZOOR, or ocular trauma or no definite diagnosis (nongenetic causes of RP) did not have the characteristic rod-cone abnormality as noted in RP patients on electrophysiological testing but rather had a similar degree of involvement of cone and rods in many cases. Twenty-five patients (60%) with nongenetic UPR did not adhere to the pattern of rod greater than cone dysfunction as noted in RP (Table 2) . Fellow eyes. Electroretinograms (ERGs) suggested generalized subclinical retinal dysfunction in the fellow eye in only 8 cases (Fig. 2) . Three had approximately equal rod and cone involvement that was milder than in the index eye, including the carrier of X-linked RP (case 34; Fig. 3 ), a patient with presumed AZOOR (case 36) and case 10 (aetiology unknown). One patient had mild generalized loss of cone system function (case 2) and one had cone dysfunction with mild rod involvement but a history of retinal vasculitis (case 32; ERGs undetectable in the index eye). Cases 26 (possible carcinoma associated Tables 1 and 2 for further  detail. retinopathy) and cases 16 and 33 (diagnoses unknown) had evidence of a mild generalized loss of rod photoreceptor function with severe dysfunction in the index eyes. Two patients had borderline or mild full-field ERG abnormalities associated with high myopia (case 23) or incomplete mydriasis (case 5), not clinically significant. Macular function. Macular function was assessed bilaterally using pattern ERGs (N = 42) and mfERGs (N = 13). Pattern electroretinography (PERG) P50 (Fig. 2D) was undetectable in 14 of the index eyes, subnormal in 14 and borderline in three, in keeping with differing degrees of macular involvement. Eleven patients had a normal PERG suggesting sparing of macular function. Multifocal ERGs (mfERG) were abnormal in the index eye in 13/13 cases and revealed paracentral dysfunction in eight cases with relatively preserved central responses (cases 8, 9, 20, 21, 35, 36, 38 and 41) , including three with a normal PERG P50 component. Five patients with undetectable PERGs had widespread mfERG attenuation (7, 13, 32, 39 and 42) , being worst over the central area in all but one patient (case 42) who retained a residual central mfERG response. Four of the patients in whom FAF imaging had been performed had electrophysiological evidence of macular involvement without associated FAF change.
Pattern ERG P50 was mildly subnormal in four fellow eyes (cases 22, 29, 39 and 42; Fig. 2E ), and of borderline amplitude for age in three fellow eyes (cases 2, 12 and 30). Paracentral mfERG attenuation with central sparing occurred in one fellow eye in which the pattern ERG P50 component was normal (case 32). Longitudinal data. Longitudinal ERG data were available in 12 patients, with 8 having periods of between 3 and 10.7 years (mean 5.1 years) follow-up (cases 3, 8, 21, 26, 31, 32, 33, and 42) . Full-field and pattern ERGs in case 42 showed worsening in the index eye over a 2-to 8-year period (Fig. 6E) . Initially, severely abnormal ERGs in case 31 became undetectable over 10 years and there was PERG evidence of worsening macular function. Full-field ERGs in the index eyes of all other cases remained stable, but the PERG and mfERG in case 26 showed progressive attenuation in keeping with worsening macular dysfunction and the ERGs in the fellow eye showed rapid deterioration over 2 years, unlike the gradual progression usually associated with a genetic aetiology. There was progressive generalized cone system dysfunction in the fellow eye of case 33 and PERG evidence of worsening macular function in the fellow eye of case 30 (follow-up 29 months).
Illustrative cases
Case 34
A 39-year-old female patient was an obligate carrier for X-linked RP, her son being diagnosed with the pR412X (c.1234C>T) mutation in RPGR (RP3). Visual acuity (VA) and colour vision were normal in both eyes. Right fundus examination was normal (Fig. 3A) . The left fundus showed some focal (inferonasal) bone spicules and pigmentary dispersion with perivascular pigment cuffing (Fig. 3B) . The mild intensity and the focal localization of the pigmentary changes appearance in this case were compatible with RP. Although in RP, progressive bone spicule pigment changes develop throughout the peripheral retina and involve in advanced cases the posterior pole.
Electroretinography (ERG) showed mild generalized rod system dysfunction in each eye of approximately equal severity. Cone-mediated ERGs were bilaterally abnormal but were asymmetrical, with the left eye worse than the right (Fig. 3C) .
Case 15
A 17-year-old male patient was referred with poor vision confined to his right eye since early childhood. There was a family history of red-green colour deficiency and 'lazy eye', but not of RP. Best-corrected VA was 20/200 on the right; 20/20 on the left. The fundus of the right eye showed subtle pigmentary changes in the nasal and supero-temporal periphery associated with attenuated retinal vessels (Fig. 4A) ; the left eye fundus was normal (Fig. 4B ). This case differs from RP for lacking of bones spicules.
Electroretinograms (ERGs) were undetectable from the right eye, in keeping with severe generalized loss of photoreceptor function, but were completely normal in the fellow eye (Fig. 4C) . No definitive diagnosis could be reached. There was a history of direct ocular trauma in childhood, which is likely to be causative, but the slim possibility that the right eye fundus abnormalities may relate to a congenital TORCH syndrome (Toxoplasmosis, Rubella, Cytomegalovirus and Herpes simplex infections) cannot be excluded.
Case 35
A 37-year-old woman was referred by her optician for investigation of sudden onset of visual field defect and photopsias in her right eye. Visual acuities were 20/20 unaided bilaterally. There was no relevant family history. The right fundus showed subtle mid-peripheral pigmentary changes nasally superior and inferior in the periphery associated with attenuated retinal vessels and a few bone spicules (Fig. 5A) . The pigmentary changes were of moderate intensity and compatible with RP, although of focal localization.
Fundus autofluorescence (FAF) imaging revealed irregular arcs of increased signal at the posterior pole inside the arcades and patchy hypoautofluorescence inferiorly (Fig. 5B) . The left fundus and FAF image were normal (Fig. 5C,  D) . Full-field ERG showed generalized rod and cone dysfunction in the right eye (Fig. 5E ). Pattern ERG was mildly subnormal with mfERGs being severely reduced over paracentral areas but displaying relative central sparing (Fig. 5F ). Left eye electrophysiology was normal. The clinical presentation and findings are consistent with AZOOR (Mrejen et al. 2014) .
Case 42
A 40-year-old woman was referred for investigation of field loss and photopsias in her right eye. Visual acuities were 20/20 unaided bilaterally. There was no relevant family history. The right fundus showed mid-peripheral RPE depigmentation with a few bone spicules and yellowish peripapillary chorioretinal scars (Fig. 6A) .
Fundus autofluorescence (FAF) imaging revealed a parafoveal ring of hyperautofluorescence and widespread patchy hypoautofluorescence over eccentric areas (Fig. 6B) . The left fundus was normal at presentation (Fig. 6C) . Full-field ERG showed moderately severe generalized rod and cone dysfunction in the right eye (Fig. 6E) . The findings are in keeping with AZOOR. Pattern ERG was markedly subnormal with mfERGs showing no definite response other than a subnormal central response (data not shown). Left eye electrophysiology was normal. During an 8-year follow-up period, she developed almost complete loss of peripheral retinal function (ERG) in the index eye with pattern ERG showing worsening (Fig. 6E but some sparing of central retinal function). Electrophysiology in the fellow eye remained normal at 8-year followup even though inflammatory peripapillary chorioretinal lesions appeared (Fig. 6D) .
Discussion
This report describes the findings in 42 patients with UPR. There was difficulty in establishing an aetiology in many patients but, importantly, a family history suggesting a heritable cause was present in only two of the patients. The observation that a genetic diagnosis could be reached in only two cases is consistent with previous studies of atypical that have suggested a high incidence of acquired disease (Joseph 1951; Spadea et al. 1998; Chen et al. 2006) . Detailed electrophysiological testing showed generalized retinal dysfunction in the eye with pigmentary changes that varied in severity. Although all fellow eyes were asymptomatic and had normal fundus examination at presentation, subclinical abnormalities of generalized retinal function were present in eight of 42 patients. Subclinical macular dysfunction was observed in a similar number, but usually independent of the full-field ERG findings, highlighting the importance of appropriate testing.
Several disorders were associated with UPR. The largest groups were presumed AZOOR (9.5%) and a history of trauma (9.5%), mostly associated with severe ERG abnormalities; it is possible that the incidence of trauma may be higher given that some patients may have sustained head or ocular injury as infants or children with no record or recollection of the trauma. Acute zonal occult outer retinopathy (AZOOR) was a presumed diagnosis based on clinical symptoms, Tables 1 and 2 for further detail. visual fields defects, electrophysiological findings and non-specific chorioretinal features; there is currently no 'goldstandard' diagnostic test for AZOOR. Other conditions included inflammatory eye disease and possible paraneoplastic syndrome. One patient had presumed choroidal ischaemia associated with recent pregnancy; mfERG abnormalities have previously been described in a patient with preeclampsia; the retinal dysfunction is likely secondary to RPE dysfunction and choroidal ischaemia (Kwok et al. 2001) . Patients with RP, a disorder generally considered to be bilateral and relatively symmetrical, usually present with night blindness but photopsias is frequently reported (Bittner et al. 2009 ). It is uncommon for RP patients to present with VA loss, without accompanied symptoms such as night blindness or visual field loss. Visual acuity (VA) loss in RP patients usually occurs late in the course of the disorder (Heckenlively 1988; Weleber 1994) .
The prevalence of nyctalopia in the present series was <10%, and 45% of the patients had reduced VA as a presenting symptom. Photopsias and acuity loss may occur in inflammatory, paraneoplastic or autoimmune-mediated retinopathy (Heckenlively et al. 2006) and are common in AZOOR (Gass et al. 2002; Francis et al. 2005) , which is often unilateral at presentation (Gass et al. 2002; Monson & Smith 2011) . Overall, the unilaterality and the constellation of symptoms do not favour a diagnosis of RP. However, obligate carriers of X-linked RP may have markedly asymmetrical fundus appearance and ERGs (Jacobson et al. 1989) , similar to one patient in the present series. Only one other patient (case 7; RP1) had a relevant family history including a dizygotic twin with bilateral disease and molecular confirmation of the mutation.
The nature of the pigmentary changes in the current series did not reliably predict the diagnosis or functional phenotype. Intraretinal pigmentary deposition, RPE depigmentation, disc pallor and vessel attenuation can occur in RP depending on the stage of the disease but are not pathognomonic (Hamel 2006) .
Possible mechanisms evolved on RP appearance, particularly bone spicules pigment deposition, have been studied in murine model for human RP. After the loss of all photoreceptor cells, the outer retina successively degenerates, leading to a direct contact of inner retinal vessels triggering migration of retinal pigment epithelium (RPE) cells along the contacting vessels towards the inner retina. These mislocalized RPE cells partially seals the vessels by tight junction linkage and deposits extracellular matrix perivascularly. Also, the vascular endothelium develops fenestrations similar to the RPEchoroid interface forming pigmented cell clusters outlining retinal capillaries or bones spicules (Jaissle et al. 2010) . Therefore, one may explain the appearance of bone spicule pigments in the eyes of patients with inflammatory aetiology or trauma by the loss of photoreceptor cells even if the cause remains idiopathic, as being the trigger event.
Three patients had unilateral hypopigmentation similar to that described in older literature as 'RP sine pigmento' (Jacobson & Stephens 1962; Pearlman et al. 1976 ), but which is unlikely to be a distinct diagnostic entity. Fundus examination and/or FAF imaging revealed restricted abnormality in 6 cases, none with a definite diagnosis. A parafoveal ring of increased FAF can be associated with RP (Robson et al. 2003 (Robson et al. , 2011 Popovic et al. 2005; Murakami et al. 2008) but is usually bilateral with high interocular symmetry (Robson et al. 2003) ; a ring was present in only seven of the 42 patients in the present series and was always unilateral. Fundus autofluorescence (FAF) rings are not pathognomonic and can occur in other retinal disorders (Kurz-Levin et al. 2002; JarcVidmar et al. 2003; Ebenezer et al. 2005; Tsang et al. 2007; Fleckenstein et al. 2009 ).
The asymmetrical nature of the fundus abnormality was reflected in the fullfield ERGs in all 42 cases. Patients with RP typically demonstrate a high degree of inter-ocular ERG symmetry (Marmor et al. 1983 ), but heterozygote carriers of X-linked RP can have marked interocular asymmetry both in electrophysiology and in fundus appearance (Jacobson et al. 1989) thought to reflect random X-chromosome inactivation (lyonization). Further, as a rod-cone dystrophy, the dysfunction in RP is primarily in the rod system with consequent cone involvement and with rod ERGs being more abnormal than cone ERGs. A minority (35.7%) of cases in the current study manifested rod greater than conemediated ERG abnormalities, including the patient with RP1 (case 7). In severe or end-stage RP, full-field ERGs may be undetectable (Granse et al. 2004 ) but this occurred in only five cases including one with inflammatory disease and a history of uveitis in the fellow eye (case 32). Electroretinograms (ERGs) in the fellow eye of this patient showed greater cone than rod system dysfunction including flicker ERG delay; similar changes, although not diagnostic, are a common non-specific manifestation of inflammatory retinal disease (Robson et al. 2005) . Full-field ERGs were stable in both eyes of five of eight patients monitored over 3-10 years and in one eye in the other three; a high proportion of patients with typical RP show significant deterioration over similar periods (Birch et al. 1999) . Others have also reported the affected eye in UPR to show a progressive loss of peripheral retinal function that cannot be attributed to ageing alone, with large variations in the rate of decline (Potsidis et al. 2011) .
Unilateral ERG abnormalities are often present in inflammatory disease but can also occur in presumed autoimmune-mediated retinal dysfunction (Francis et al. 2005; Robson et al. 2005) . The concept of nonmalignancyrelated autoimmune retinopathy has been proposed by several authors, and antiretinal antibodies have been identified (Heckenlively et al. 2000; Weleber et al. 2005; Mantel et al. 2008) . Two groups describe a similar 'autoimmune retinopathy' characterized by mostly normal fundi, normal FAF and predominantly cone system dysfunction (Heckenlively et al. 2000; Mantel et al. 2008) . Others describe retinal pigmentary deposition and atrophy with a predominance of rod dysfunction on ERG testing (Heckenlively et al. 2000) . Whether the presence of antiretinal antibodies is causative, or is an epiphenomenon consequent upon retinal degeneration, remains unclear (Mantel et al. 2008) .
Macular dysfunction could neither be predicted from the fundus appearance nor be predicted from the nature of the full-field ERG changes in either the index or the fellow eyes, highlighting the need for PERG or mfERG as an objective index of macular function. One patient with a normal PERG had mfERG evidence of paracentral macular dysfunction; the mfERG can reveal details of spatial distribution not accessible with PERG, the latter being dominated by central macular function. The additional use of largefield PERGs, although not part of the present study, can give additional spatial information that can be of value in a patient unable to perform mfERG (Lenassi et al. 2012) . The normally pigmented fellow eyes were all asymptomatic in the present series, and any subclinical ERG abnormalities were mild (eight patients). Some have suggested that UPR may indicate relatively benign disease (Thaler et al. 1980) ; others that loss of peripheral retinal function is more rapid in affected eyes with a greater delay in the cone ERG peak time (Potsidis et al. 2011) . Asymmetrical RP cannot be excluded with absolute certainty in this series, as illustrated by unilateral expression of RP1 in case 7, but overall seems unlikely. One possible cause of UPR is mosaicism, such that a somatic mutation occurs during embryonic development within a cell that is a precursor for cells in one retina or part of one retina, but not affecting the other (Poduri et al. 2013) or, alternatively, the individual may be a chimera composed of cells from two distinct zygotes one harbouring a relevant mutation (Yu et al. 2002) . The difficulty in obtaining retinal tissue in vivo makes it difficult to test these hypotheses.
To conclude, appropriate and comprehensive clinical and electrophysiological testing determines both the nature and the severity of retinal dysfunction in patients with UPR, and ascertains possible involvement of the fellow eye. The aetiology remains enigmatic with only a minority of clinically relevant associations confirmed in this survey; the disorder is 'idiopathic' in most patients. The study overall suggests that an heritable cause for UPR is highly improbable and that appropriate caution should be exercised to avoid describing these patients as unilateral RP in the absence of features typical of that disorder, that is bilaterality, an appropriate rate of disease progression, a rod > cone ERG abnormality and typical bone spicule type pigmentary deposition.
